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HIGHLIGHTS 


•  Fabricate  thin  BZY  layer  on  BCY  half-cell  with  pulsed  laser  deposition. 

•  The  bilayer  electrolyte  proves  a  good  chemical  stability  against  C02  atmosphere. 

•  The  bilayer  cell  exhibits  a  good  long-term  stability  under  cell  testing  condition. 

•  The  bilayer  electrolyte  cell  shows  a  comparable  electrochemical  performance. 
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BaZro.8Yo.203-<5  (BZY)  layers  with  various  thicknesses  (~0.7,  ~1.7,  ~2.4  and  ~3.6  pm)  are  fabricated 
using  the  pulsed  laser  deposition  (PLD)  technique  on  anode-supported  BaCeo.sYo.203-<5  (BCY)  electrolyte 
films.  Smo.5Sr0.5Co03_,5-SDC  (SSC-SDC,  70:30  wt.%)  cathode  is  applied  onto  the  BZY/BCY  bilayer  elec¬ 
trolyte  to  form  a  single  cell.  The  chemical  stability  of  the  BZY/BCY  bilayer  electrolytes  improves  with 
increasing  BZY  layer  thickness.  The  BZY  (~3.6  pm)/BCY  bilayer  electrolyte  shows  an  excellent  chemical 
stability  after  treated  in  100%  CO2  atmosphere  at  900  °C.  The  maximum  power  densities  of  447,  370,  276, 
218  and  163  mW  cm-2  are  measured  with  the  BZY  layer  thicknesses  of  0,  0.7,  1.7,  2.4  and  3.6  pm  at 
700  °C,  respectively.  In  general,  the  BZY/BCY  bilayer  electrolyte  cell  with  an  optimum  BZY  layer  thickness 
can  improve  chemical  stability  without  great  influence  on  the  electrochemical  performance  for  inter¬ 
mediate  temperature  solid  oxide  fuel  cells. 

©  2013  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

High  temperature  proton  conductors  (HTPCs)  have  been 
extensively  investigated  since  Iwahara  et  al.  have  reported  some 
perovskite  materials  with  excellent  protonic  conductivity  at 
elevated  temperatures  [1-3].  HTPCs  are  considered  to  be  the 
promising  electrolyte  candidates  for  intermediate  temperature 
solid  oxide  fuel  cells  (IT-SOFCs)  due  to  their  larger  ionic  conduc¬ 
tivities  and  smaller  activation  energies  than  conventional  oxygen- 
ion  conducting  electrolytes  [4,5].  Besides,  HTPCs  form  water  at 
the  cathode  side  and  thus  fuel  at  the  anode  side  remains  pure 
without  recirculation  [1].  Acceptor-doped  BaCe03  and  BaZr03 
compounds  have  been  studied  as  the  promising  proton  conductors 
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[6—9].  However,  the  balance  between  high  proton  conductivity  and 
chemical  stability  seems  to  be  a  challenge.  Acceptor-doped  BaCe03 
has  a  high  proton  conductivity  but  shows  a  poor  chemical  stability 
in  H20  and  C02-containing  atmospheres.  Doped-BaZr03  materials 
have  a  high  chemical  stability.  However,  the  BaZr03-based  mate¬ 
rials  show  a  low  proton  conductivity  due  to  the  high  grain 
boundary  resistance  [10,11  .  In  order  to  find  a  compromise  between 
proton  conductivity  and  chemical  stability,  one  effective  approach 
is  to  incorporate  a  thin  doped-BaZr03  film  as  a  protecting  layer 
between  BaCe03  electrolyte  and  cathode.  However,  the  doped- 
BaZr03  layer  thickness  can  increase  ohmic  loss  due  to  the  lower 
proton  conductivity  compared  with  that  of  BaCe03.  Thus  the 
BaZr03  layer  thickness  is  a  key  factor  in  balancing  proton  conduc¬ 
tivity  and  chemical  stability.  The  pulsed  laser  deposition  (PLD) 
technique  can  exactly  control  film  thickness.  Besides,  it  is  a  prom¬ 
ising  method  to  deposit  thin  films  that  are  of  high  quality  and 
stoichiometric  with  multi-component  materials  [12].  Furthermore, 
films  deposited  by  PLD  do  not  require  high  annealing  temperatures 
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Fig.  1.  XRD  patterns  of  (a)  BCY  single  layer,  (b)  -700  nm  BZY/BCY  bilayer,  (c)  -  1.7  pm 
BZY/BCY  bilayer,  (d)  -2.4  pm  BZY/BCY  bilayer  and  (e)  -3.6  pm  BZY/BCY  bilayer. 

[13],  which  is  useful  for  low  temperature  SOFCs  applications  and 
avoids  the  formation  of  a  solid  solution  between  BaZrOs  and 
BaCe03.  Fabbri  et  al.  [14  have  successfully  fabricated  a  proton 
conductor  bilayer  electrolyte  cell  with  a  thin  BaZro.sYo^C^-^  (BZY) 
layer  deposited  on  a  sintered  BaCeo.sYo.203_5  (BCY)  pellet  using  PLD 
technique.  There  are  two  disadvantages  in  their  work.  First,  the  BCY 
electrolyte-supported  fuel  cell  increased  the  ohmic  loss  compared 
to  the  anode-supported  fuel  cell.  Besides,  the  use  of  Pt  electrodes  on 
the  BZY/BCY  bilayer  electrolyte  impeded  better  electrochemical 
performance.  Therefore,  it  is  necessary  to  fabricate  an  anode- 
supported  proton  conductor  bilayer  electrolyte  cell.  In  this  work, 
we  fabricated  thin  BZY  layers  on  a  NiO-BaZro.1Ceo.7Yo.2O3 -<5 
(BZCY)/BCY  half-cell  using  the  PLD  technique.  The  thickness  of  the 
BZY  layer  is  controlled  from  ~700  nm  to  ~3.6  pm  to  study  the 
effect  of  BZY  layer  thickness  on  the  chemical  stability  and  overall 
performance  of  the  bilayer  electrolyte  cells. 

2.  Experimental 

2.1.  Powder  synthesis  and  cell  fabrication 

BCY  and  BZCY  powders  were  fabricated  using  a  citric  acid- 
nitrate  gel  combustion  process  [15].  First,  BaC03,  Ce(N03)4-4H20, 


Fig.  3.  XRD  patterns  of  anode-supported  electrolytes  after  treatment  in  C02  atmo¬ 
sphere:  (a)  BCY  single  layer,  (b)  -700  nm  BZY/BCY  bilayer,  (c)  -1.7  pm  BZY/BCY 
bilayer,  (d)  -2.4  pm  BZY/BCY  bilayer  and  (e)  -3.6  pm  BZY/BCY  bilayer. 

Zr(N03)4-5Fl20  and  Y(N03)3-6H20  was  added  to  a  solution  of 
FHMO3.  After  the  solution  became  clear,  citric  acid  was  added  in  a 
1:1.5  metal  ions:citric  acid  molar  ratio.  The  pFI  value  was  adjusted 
to  approximately  7  with  ammonia.  The  solution  was  continuously 
stirred  and  heated  at  70  °C  until  a  gel  formed.  The  gel  was  then 
heated  on  a  hot  plate  and  combusted  to  form  powder  precursors, 
which  were  then  calcined  at  1000  °C  for  3  h  to  obtain  a  pure, 
crystalline  BCY  and  BZCY  phase.  NiO  (basic  nickel  carbonate 
decomposed  at  600  °C)  and  BZCY  were  mixed  by  ball  milling  in 
ethanol  for  24  h  in  a  weight  ratio  of  60/40  with  10  wt.%  of  starch  as 
pore  formers.  The  mixture  was  dried  in  an  oven  at  60  °C  and  pre¬ 
pared  as  anode  supporting  substrates. 

The  anode  supporting  half-cells  were  fabricated  using  the  co¬ 
pressing  method.  The  NiO-BZCY  mixed  powders  were  uniaxially 
pressed  to  form  anode  supports  with  a  certain  mechanical  strength. 
Then,  the  as-prepared  BCY  powders  were  well  distributed  on  the 
anode  substrates  and  pressed  to  fabricate  the  BCY  electrolyte  layer. 
Finally,  the  anode  supporting  half-cells  were  sintered  at  1400  °C  for 
5  h.  The  thickness  of  BCY  electrolyte  layer  is  -  29  pm. 

The  thin  BZY  layer  was  deposited  on  the  BCY  half-cells  by 
ablating  a  BZY  target  (fabricated  by  citric  combustion  process  [15] 
and  sintered  at  1550  °C  for  8  h)  with  a  KrF  excimer  laser 


Fig.  2.  (a)  Cross-sectional  view  of  a  BZY/BCY  bilayer  electrolyte  cell,  (b)  EDS  scans  as  the  sequence:  anode/BCY  electrolyte/BZY/SSC-SDC  cathode  cell. 
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Fig.  4.  1-V  curves  and  power  densities  of  anode-supported  single  cells  measured  at  different  temperatures:  (a)  BCY  single  layer  electrolyte,  (b)  ~700  nm  BZY/BCY  bilayer  elec¬ 
trolyte,  (c)  ~  1.7  pm  BZY/BCY  bilayer  electrolyte,  (d)  ~2.4  pm  BZY/BCY  bilayer  electrolyte,  and  (e)  ~3.6  pm  BZY/BCY  bilayer  electrolyte. 


(A  =  248  nm)  at  an  energy  density  of  ~3  J  cm-2  and  a  repetition 
rate  of  10  Hz.  The  BCY  half-cells  were  heated  to  680  °C  with  oxygen 
partial  pressure  of  5  Pa.  Post-annealing  at  800  °C  for  2  h  was  used  to 
enhance  the  crystallinity  of  the  film. 

Smo.5Sro.5Co03_d-Ceo.8Sm0.202-<5  (SSC-SDC)  as  the  cell  cathode, 
which  was  composed  of  composite  powders  mixed  with  a  10  wt.%  eth- 
ylcellulose-terpineol  binder,  was  painted  on  the  bilayer  electrolytes  and 
then  fired  at  1000  °C  for  3  h  to  form  a  complete  cell.  The  cathode  area  is 
0.237  cm2.  Ag  paste  was  applied  on  the  electrode  as  a  current  collector. 

2.2.  Cell  tests 

The  electrochemical  performance  characteristics  of  the  cells  were 
evaluated  with  an  AI2O3  test  housing  placed  inside  of  a  furnace.  The 
cell  testing  was  performed  from  550  to  700  °C  with  humidified 
hydrogen  ( ~  3%  H2O)  as  a  fuel  and  atmospheric  air  as  the  oxidant.  The 
flow  rate  of  the  humidified  hydrogen  was  25  mL  min-1.  The  perfor¬ 
mance  was  measured  with  a  DC  Electronic  Load  (ITech  Electronics 


model  IT8511 ).  The  resistances  of  the  cell  under  open  circuit  condi¬ 
tions  were  measured  with  an  impedance  analyzer  (CHI604B,  Shanghai 
Chenhua),  and  the  frequency  was  swept  from  100  kHz  to  0.1  Hz. 

2.3.  Characterization  of  phase  composition  and  microstructures  of 
the  cells 

The  crystal  phases  of  the  BCY  electrolyte  and  BZY/BCY  bilayer 
electrolytes  were  examined  using  an  X-ray  diffractometer  (XRD) 
equipped  with  Cu  Ka  radiation.  The  microstructures  of  the  cells 
were  observed  with  a  scanning  electron  microscope  (SEM,  JEOL 
JSM-6700F),  and  the  elemental  distribution  was  determined  using 
energy-dispersive  X-ray  spectroscopy  (EDS). 

3.  Results  and  discussion 

Fig.  1  presents  XRD  patterns  of  the  BCY  single  electrolyte  layer 
and  the  BZY/BCY  bilayer  samples.  BCY  has  an  orthorhombic 
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Fig.  5.  The  electrochemical  impedance  spectra  of  the  BCY  single  electrolyte  cell  and 
BZY/BCY  bilayer  electrolyte  cells  with  different  the  BZY  layer  thicknesses  measured  at 
(a)  700  °C,  (b)  650  °C,  (c)  600  °C,  (d)  550  °C. 

perovskite  structure  as  shown  in  Fig.  1  a.  The  diffraction  patterns  in 
Fig.  lb-e  depict  the  cubic  reflections  of  the  BZY  crystalline  struc¬ 
ture.  The  reflections  of  the  two  crystalline  structures  can  be 
grouped  into  pairs,  and  each  of  the  pairs  corresponds  to  the  same 
set  of  Miller  indices,  which  indicates  an  epitaxial  grain  by  grain 
growth  [14].  The  relative  densities  of  the  BCY  diffraction  patterns 
show  a  downtrend  with  increasing  BZY  layer  thickness.  No  addi¬ 
tional  reflection  lines  of  unwanted  phases,  such  as  the  BCY-BZY 
solid  solution  compounds,  are  present  in  the  XRD  pattern,  which 
indicates  that  no  interdiffusion  between  BZY  and  BCY  occurred. 

Fig.  2a  shows  the  cross-sectional  image  of  a  BZY/BCY  bilayer 
electrolyte  sample.  The  thickness  of  the  BCY  electrolyte  is  —  29  pm. 
The  BZY  layer  is  -3.6  pm  thick.  The  BZY  layer  appears  to  be  quite 
dense,  and  it  adheres  well  to  the  BCY  electrolyte  with  no  cracks 
present.  Fig.  2b  depicts  the  EDS  scans  as  the  sequence:  anode/BCY 
electrolyte/BZY/SSC-SDC  cathode  cell  (from  left  to  right  in  Fig.  2b). 
Zr  is  only  present  in  the  BZY  layer  and  no  obvious  interdiffusion 
between  BCY  and  BZY  can  be  observed,  which  is  consistent  with  the 
above  mentioned  result  from  the  X-ray  analysis.  Zr  element  also 
appears  in  BCY  electrolyte  for  a  few  micrometers  which  may  caused 
by  the  diffusion  of  Zr  in  NiO-BZCY.  The  diffusion  only  exists  near  the 
anode  and  cannot  affect  the  research  of  the  BZY/BCY  bilayer 
electrolyte. 

High  chemical  stability  is  critical  for  the  electrolyte  materials  in 
HTPCs  to  ensure  a  long-term  stability,  especially  when 


hydrocarbons  are  used  as  fuels  [16,17].  In  order  to  investigate  the 
effect  of  the  BZY  layers  on  protecting  the  chemical  stability  of  the 
BCY  electrolyte,  BCY  single  electrolyte  layer  and  BZY/BCY  bilayer 
samples  with  different  thicknesses  of  BZY  layers  (from  —  700  nm  to 
-3.6  pm)  were  separately  treated  in  100%  CO2  atmosphere  at 
900  °C  for  3  h.  The  XRD  analysis  of  the  C02-treated  films  was 
depicted  in  Fig.  3.  The  perovskite  structure  of  BCY  single  layer 
sample  decomposed  into  BaC03  as  shown  in  Fig.  3a.  This  result 
indicates  that  BCY  single  layer  is  not  stable  enough  under  a  C02- 
containing  atmosphere,  which  is  consistent  with  other  reports 
[18,19].  The  X-ray  analysis  of  the  treated  BZY/BCY  bilayer  samples 
shows  a  changing  phenomenon.  As  depicted  in  Fig.  3b,  the  bilayer 
sample  with  -  700  nm  thickness  of  BZY  decomposed  into  BaC03 
and  Ce02  after  exposure  to  C02-containing  atmosphere.  The  phe¬ 
nomenon  is  also  observed  in  C02-treated  BZY  (-1.7  pm)/BCY 
bilayer  sample  as  shown  in  Fig.  3  c.  The  peaks  related  to  BaC03  still 
exist  in  the  XRD  pattern  of  the  BZY  (-2.4  pm)/BCY  sample  in 
Fig.  3d.  When  the  thickness  of  the  BZY  layer  was  increased  to 
-3.6  pm,  the  bilayer  sample  maintained  the  perovskite  lattice 
structure  in  Fig.  3e.  It  demonstrates  that  the  BZY  layer  with  certain 
thickness  has  a  sufficient  chemical  stability  against  C02,  and  thus 
the  BZY/BCY  bilayer  electrolyte  is  promising  as  a  proton  conductor 
SOFCs  electrolyte  concerning  chemical  stability. 

Although  BZY  has  a  favorable  chemical  stability  against  C02 
atmosphere,  the  poor  proton  conductivity  [20,21  can  influence  the 
electrochemical  properties  of  the  BZY/BCY  bilayer  electrolyte  cell. 
I—V  characteristics  and  power  densities  of  the  BCY  single  electro¬ 
lyte  cell  and  BZY/BCY  bilayer  electrolyte  cells  were  measured  from 
550  to  700  °C.  As  shown  in  Fig,  4a,  the  open  circuit  voltage  (OCV)  is 
0.933  V  for  BCY  single  electrolyte  cell  at  700  °C.  The  OCVs  of  BZY / 
BCY  bilayer  electrolyte  cells  with  various  thicknesses  of  BZY  layers 
(from  -700  nm  to  -3.6  pm)  are  0.943,  0.94,  0.91  and  0.934  V  at 
700  °C,  respectively,  as  depicted  in  Fig.  4b-e.  The  high  OCV  values 
indicate  that  both  the  BCY  electrolyte  layer  and  the  BZY  layers  are 
quite  dense.  The  maximum  power  densities  (MPDs)  decline  with 
increasing  BZY  layer  thickness.  As  shown  in  Fig.  4a,  the  MPDs  of  the 
BCY  single  electrolyte  (-29  pm)  cell  are  447,  333,  247  and 
173  mW  cm-2  at  700,  650,  600  and  550  °C,  respectively.  The  MPDs 
are  comparable  with  the  values  reported  for  the  BaCe03-based 
electrolyte  fuel  cells  [1,5].  The  BZY/BCY  bilayer  cells  reveal  a  trend 
towards  lower  MPDs  with  increasing  BZY  layer  thickness.  For  a  cell 
with  thinner  BZY  (-700  nm)/BCY  bilayer  electrolyte,  as  shown  in 
Fig.  4b,  the  MPDs  decrease  to  370,  301,  206  and  134  mW  cm-2  at 
700,  650,  600  and  550  °C,  respectively.  In  Fig.  4c,  the  cell  with 
thicker  BZY  layer  ( — 1.7  pm)  shows  lower  MPDs  of  276, 213, 152  and 
101  mW  cm-2  at  700,  650,  600  and  550  °C,  respectively.  When  the 
BZY  layer  increases  to  —2.4  pm  thick,  the  MPDs  decrease  to  218, 
145, 101  and  76  mW  cm-2  at  700,  650, 600  and  550  °C,  respectively, 
as  shown  in  Fig.  4d.  Although  the  MPDs  decrease  with  increasing 
BZY  layer  thickness,  they  are  still  higher  than  or  comparable  with 
the  reported  values  for  several  BaCe03-based  fuel  cells  [1,22-25]. 
The  SOFC  with  thicker  BZY  layer  ( —  3.6  pm)  shows  the  MPDs  of  163, 
128,  92  and  58  mW  cm-2  at  700,  650,  600  and  550  °C,  respectively, 
as  shown  in  Fig.  4e.  The  MPDs  are  relatively  lower  than  the  other 
tested  bilayer  cells.  However,  the  value  is  still  higher  than  that  of 
the  BCY  electrolyte-supported  bilayer  cell  [14]. 

Fig.  5  shows  the  electrochemical  impedance  spectra  of  the  BCY 
electrolyte  cell  and  BZY/BCY  bilayer  electrolyte  cells  measured  at 
700,  650,  600,  and  550  °C  under  open  circuit  conditions.  The  first 
intercept  on  the  real  axis  at  high  frequency  corresponds  to  the 
ohmic  resistance  (Ro),  which  includes  internal  resistance  of  the 
electrolyte  and  electrodes  and  the  contact  resistance  at  the  in¬ 
terfaces  between  the  electrodes  and  the  electrolytes  and  between 
the  electrodes  and  the  current  collectors  [26].  The  difference  be¬ 
tween  the  high  frequency  and  the  low  frequency  represents  the 


J.  Qian  et  al.  /  Journal  of  Power  Sources  249  (2014)  131-136 


135 


(c) 


CD 


DC 


Fig.  6.  The  values  of  Ro,  Rp  and  total  resistance  estimated  from  impedance  spectroscopy  measurement  as  a  function  of  BZY  layer  thickness  at  different  temperatures:  (a)  700  °C,  (b) 
650  °C,  (c)  600  °C,  (d)  550  °C. 


interfacial  polarization  resistance  (Rp),  which  is  contributed  by 
cathode  and  anode  [27]. 

The  values  of  Ro,  Rp  and  total  resistance  estimated  from 
impedance  spectroscopy  measurement  as  a  function  of  the  BZY 
thicknesses  at  different  temperatures  were  plotted  in  Fig.  6.  As 
shown  in  Fig.  6a,  the  ohmic  resistances  are  0.34, 0.39, 0.47, 0.56  and 
0.66  Q  cm2,  and  the  polarization  resistances  are  0.12,  0.22,  0.26, 
0.60  and  0.67  Q  cm2  with  BZY  layers  thicknesses  of  0,  0.7, 1.7,  2.4 
and  3.6  pm  at  700  °C,  respectively.  When  the  thickness  of  the  BZY 
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layer  increases  to  2.4  pm  or  even  higher,  the  corresponding  values 
of  Rp  are  higher  than  those  of  Ro.  In  Fig.  6b  and  c,  Rp  increases  more 
quickly  than  Ro  at  650  °C  and  600  °C,  indicating  that  Rp  makes 
larger  contribution  to  the  total  resistance.  At  550  °C,  as  shown  in 
Fig.  6d,  the  ohmic  resistances  increase  to  0.56,  0.88, 1.09, 1.33  and 
1.96  Q  cm2,  while  the  polarization  resistances  increase  to  1.20, 2.26, 
3.14,  3.43  and  3.92  Q  cm2  with  BZY  thickness  of  0,  0.7, 1.7,  2.4  and 
3.6  pm,  respectively.  Rp  becomes  the  main  contribution  to  the  total 
resistance.  The  increasing  value  of  Ro  results  from  the  increasing 
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Fig.  7.  Conductivity  of  BZY  (~3.6  pm)/BCY  electrolyte  membrane  as  a  function  of  Fig.  8.  The  OCV  of  BZY  (~ 3.6  pm)/BCY  bilayer  electrolyte  cell  at  600  °C  as  a  function  of 
temperature  under  cell  testing  conditions.  time  with  hydrogen  (3%  H20)  as  the  fuel. 


136 


J.  Qian  et  al.  /  Journal  of  Power  Sources  249  (2014)  131-136 


thickness  of  electrolyte  and  the  relatively  low  conductivity  of  BZY 
compared  with  that  of  BCY.  The  high  value  of  Rp  is  probably  due  to 
the  electrode  materials  and  interface  between  the  bilayer  electro¬ 
lyte  and  electrode.  Sun  et  al.  [2]  have  reported  that  SSC-SDC  cath¬ 
ode  is  easy  to  peel  off  the  BaZr03-based  electrolyte  film.  The  poor 
interface  between  cathode  and  electrolyte  would  hinder  charge 
transfer  and  current  collecting  and  thus  results  in  high  polarization 
resistance.  The  similar  problem  was  found  and  researched  at  the 
interface  between  the  Pt  and  BZY  [  14].  Besides,  after  depositing  BZY 
layer,  the  conductivity  of  electrolyte  layer  decreased  which  influ¬ 
enced  charge  transfer  and  increased  anode  polarization  loss.  Not 
only  the  BZY/cathode  interface  resistance,  but  also  the  BCY/anode 
resistance  was  increased  after  depositing  BZY  layer.  Besides,  the 
resistances  increased  with  the  thickness  of  the  BZY  layer  in  the 
investigated  cases.  Thus,  the  decreasing  maximum  power  output 
with  increasing  BZY  layer  thickness  can  be  attributed  to  the  low 
proton  conductivity  and  poor  cathode/electrolyte  interface.  Further 
improvement  in  the  interface  microstructure  is  essential  for 
achieving  optimum  electrochemical  performance  of  BZY/BCY 
bilayer  cell.  Considering  the  results  of  chemical  stability  against  CO2 
and  electrochemical  performance,  BZY  (  —  3.6  pm)/BCY  bilayer 
electrolyte  turns  out  to  be  a  promising  electrolyte  without  greatly 
diminishing  the  electrochemical  performance  and  with  favorable 
chemical  stability  for  proton-conducting  SOFCs. 

Assuming  the  ohmic  resistance  mostly  came  from  the  electro¬ 
lyte,  the  conductivity  of  BZY  ( —  3.6  pm)/BCY  electrolyte  membrane 
was  calculated  from  the  value  of  Ro.  As  shown  in  Fig.  7,  the  mem¬ 
brane  conductivities  are  4.83  x  10-3,  3.71  x  10  3,  2.41  x  1CT3  and 
2.07  x  10~3  S  cm-1  at  700,  650,  600  and  550  °C,  respectively,  which 
are  lower  than  the  self-supported  BCY  membrane  of 
1.47  x  10-2  S  cm-1  at  700  °C  [28].  Flowever,  the  values  are  com¬ 
parable  with  those  of  anode-supported  BaCe03-based  electrolyte 
[1,25,29]. 

The  stability  of  the  BZY  ( -3.6  pm)/BCY  bilayer  electrolytes  fuel 
cell  was  evaluated  under  fuel  cell  testing  conditions.  As  shown  in 
Fig.  8,  the  OCV  of  the  cell  at  600  °C  was  recorded  as  a  function  of 
operation  time  with  hydrogen  (3%  H2O)  as  the  fuel.  The  OCV  kept 
stable  after  60  h  which  indicates  that  the  bilayer  electrolyte 
structure  was  not  broken  after  operating  60  h  under  open  circuit 
condition. 

4.  Conclusions 

PLD  technique  has  been  used  in  this  study  to  deposit  the  BZY 
protecting  layer  on  anode-supported  BCY  electrolyte  SOFCs  with 
the  BZY  layer  thicknesses  varied  from  -700  nm  to  -3.6  pm.  The 
BCY-BZY  solid  solution  compounds  were  avoided  due  to  the  low 
processing  temperatures  of  the  PLD  technique.  BZY  ( -3.6  pm)/BCY 
bilayer  electrolyte  proves  to  be  stable  against  100%  CO2  atmosphere 
treated  at  900  °C.  The  OCV  values  of  the  BZY/BCY  bilayer  electrolyte 
cells  are  0.933,  0.943,  0.94,  0.91  and  0.934  V  with  the  BZY  layer 
thicknesses  of  0,  0.7, 1.7,  2.4  and  3.6  pm  at  700  °C,  respectively.  It 
indicates  that  the  protecting  BZY  layers  deposited  by  PLD  technique 
are  quite  dense.  The  maximum  power  densities  of 447, 370, 276, 218 


and  163  mW  cm-2  are  measured  with  the  BZY  layer  thicknesses  of 
0,  0.7, 1.7,  2.4  and  3.6  pm  at  700  °C,  respectively.  BZY/BCY  bilayer 
electrolyte  exhibits  to  be  a  promising  proton  electrolyte  candidate 
for  SOFCs  with  good  chemical  stability,  favorable  proton  conduc¬ 
tivity  and  electrochemical  performance.  The  conductivity  of  the 
bilayer  electrolyte  and  the  power  output  of  the  cells  are  not  high 
enough  for  intermediate  temperature  SOFCs,  thus  further 
improvement  is  needed  on  reducing  the  bilayer  electrolyte/elec¬ 
trode  interface  resistance  and  enhancing  the  protonic  conductivity 
of  the  bilayer  electrolyte. 
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